Our objective was to assess how exposure to secondhand tobacco smoke occurs in Hungarian homes, particularly among non-smokers, and to examine the effectiveness of home smoking bans in eliminating exposure to secondhand smoke at home. In 2009, 2286 non-smokers and smokers aged 16-70 years, who were selected randomly from a nationally representative sample of 48 Hungarian settlements, completed paper-andpencil self-administered questionnaires addressing tobacco-related attitudes, opinions and behaviors. Chi-square tests, one-way analysis of variance and multivariate logistic regression models were used to assess the effect of demographics, socio-economic characteristics and home smoking policies on the risk of exposure to secondhand tobacco smoke at home. Significantly higher risk of exposure was found among younger, lower educated and poorer people and among those having no or partial home smoking restrictions. There was a significant interaction between education level and home smoking policies: the effect of a smoking ban on exposure to secondhand tobacco smoke was stronger for the lower educated group than the higher educated group. The results suggest that Hungarians are making good progress in implementing home smoking bans, and that in the majority of population these bans are working. More can be done to promote the uptake of home smoking bans among poorer and less educated subpopulations.
Introduction
Studies published over the past decade substantiate the enormous health burden associated with secondhand tobacco smoke (SHS). SHS leads to a range of diseases in newborns (e.g. premature birth), in children (e.g. acute respiratory infections, middle ear disease) and in non-smoking adults (e.g. heart disease, lung cancer) [1] [2] [3] [4] [5] . A comprehensive analysis of morbidity and mortality data from 192 countries estimated that SHS caused 603 000 premature deaths and the loss of 10.9 million disability-adjusted life years in 2004 [6] . The same study estimated that 40% of children, 33% of male non-smokers and 35% of female non-smokers were exposed to SHS at work or home in 2004 [6] . SHS reduction is a global priority of the WHO and the European Union (EU) [7] [8] [9] .
Exposure to SHS is particularly high in Central and Eastern Europe, especially Lithuania, Bulgaria, Romania, Poland, Hungary, Ukraine, Estonia and the Russian Federation [6, 10] are among the countries with the highest rates of smoking in Europe [8, 10] . In 2003, the smoking prevalence in Hungary was 35 .0% (41.5% in males and 28.5% in females) [11] . Hungary also has relatively high levels of exposure to SHS: 20% of persons aged 15 years are regularly exposed to SHS at home, compared with 17% for European Union as a whole [10] . Over the past two decades, Hungary introduced national laws (e.g. Act XLII of 1999 on the Protection of Non-smokers and the Regulation of Tobacco Sales, Marketing and Use) that restrict smoking in indoor public places (e.g. designated smoking areas in work places, in restaurants, in closed public places, bans on smoking in public transport, in primary health care settings and pharmacies, in kindergartens and schools) [12] . In April 2011 the Hungarian Parliament amended the Act XLII of 1999 (Anti-Smoking Law) to regulate more strictly smoking in public places. The new law, which takes full effect in 2012, bans smoking completely in restaurants, workplaces, health care institutions and closed public places, as well as in specific outdoor public places, including bus stops and playgrounds [13] . As the new legislation is implemented and enforced, it is anticipated that major sources of SHS exposure will be eliminated. The primary remaining source of SHS exposure will be smoking in private homes. Smoking bans inside homes have been shown to reduce SHS exposure among children and adults, as well as to promote anti-smoking attitudes among youth [14, 15] , decrease smoking and smoking uptake in teenagers [16] and increase quitting [17] .
This study assesses how exposure to SHS occurs in homes within Hungary, particularly among non-smokers. We examine the effectiveness of home smoking bans in eliminating exposure to SHS at home. This involves two distinct questions: (i) How prevalent are home smoking bans? (ii) When home smoking bans are in place, how effective are they in eliminating exposure? This study also examines the relationship between SHS exposure and socio-economic status (SES). We hypothesize that lower SES people are more exposed by SHS at home, because lower SES households are less likely than higher SES households to adopt home smoking bans.
Methods

Study design and participants
The data reported here are from a survey of a large nationally representative sample of Hungarians conducted in 2009. This is the first wave of a longitudinal study, with the second wave conducted in 2011. A two-stage sampling method was used to select respondents. In the first stage, a nationally representative sample of 48 settlements (municipalities) from the seven geographical regions of Hungary was chosen. In the second stage the Central Office for Administrative and Electronic Public Services of Hungary extracted a random sample of residents aged 16-70 years within each of the 48 settlements. The age and gender distribution of each sample reflected the distribution of the respective population. A maximum of one person was selected from any given household.
Of the 4086 individuals selected for inclusion, the project staff were able to make contact with 3920 persons, and of these potential participants, 2286 completed the questionnaire (response rate of 55.1%; cooperation rate of 57.4%). We omitted 36 of the 2286 respondents from this study because of missing data on key demographic characteristics (age, sex or education), leaving a total sample of 2250.
The Regional and Institutional Human Medical Biological Research Ethics Committee of the University of Szeged approved the study protocol (No. 2431/2008). Informed written consent was obtained from adult respondents, and in the case of respondents aged <18 years, parental permission was sought to speak with the youth.
Study variables
A paper-and-pencil self-administered questionnaire was used to collect information on demographics, socio-economic status, smoking behavior, exposure to SHS, attitudes toward tobacco control policies and the rules about smoking in private homes.
Demographic variables included gender and age. Age was categorized as 16-24, 25-44, 45-64 or 65-70 years. Socio-economic status was indexed by educational level and financial difficulties. Educational level was categorized into three groups: low level (no more than primary school), medium level (trade school, grammar school, vocational secondary school) and high level (college, university). The evaluation of financial difficulties based on a question about the respondents' ability to pay essential expenses ('Did it happen in the last Secondhand tobacco smoke in Hungary 12 month, that you couldn't pay the heating/water/ gas or lighting charges in time because of financial difficulties?'). Respondents saying 'yes' were classified as 'poor', whereas those indicating 'no' were classified as 'non-poor'.
Smoking status of the respondents was measured according to WHO guidelines [18] , and classified as current smokers and non-smokers (including former or never-smokers). A current smoker was defined as someone who smoked daily or occasionally in the past 30 days, regardless of the number of cigarettes smoked in his/her lifetime. Former smokers were those who smoked in the past-at least 100 cigarettes in one's lifetime-but were not smoking for the preceding 30 days. Never-smokers were those who have never smoked or who smoked less than 100 cigarettes in their life.
The rules about smoking in the home were measured by one question: 'Which statement best describes the rules about smoking inside your home?' Response options were: smoking is not allowed anywhere inside the home, smoking is allowed in some places or at some times and smoking is allowed anywhere inside the home [19] . Exposure to SHS at home was assessed with the following question: 'During the past 7 days, when you were at home, how many days were you exposed by other family members' or visitors' tobacco smoke? ' The reliability of survey items was evaluated in a pilot study involving test-retest examination. There were no significant differences in response choices in the 2-week test-retest study.
Statistical analysis
Simple descriptive statistics were applied to summarize the basic characteristics of the sample. Chi-square tests were used to assess whether home-smoking policies vary as a function of demographic and socio-economic factors, as well as by smoking status. Univariate and multivariate analyses were conducted to test whether exposure to SHS at home varies as a function of demographics, socio-economic characteristics and home smoking policies. The univariate analyses included a series of one-way analyses of variance to test whether the number of days exposed in the past week (0-7) varied as a function of each of the predictors, as well as a series of chi-squared tests to test whether the proportion who were exposed at all varied as a function of the predictors.
To assess the independent contribution that demographic characteristics, socio-economic factors and home smoking policies have on exposure to SHS at home, we conducted multivariate logistic regression analyses. Model 1 included gender, age, education and financial difficulties as independent variables. The respondents' home smoking policy was added in Model 2. For the purpose of the logistic regression, this variable was treated as a dichotomous ('total ban' versus 'no ban or partial ban'), because past studies have shown that a partial ban has the same practical effect as 'no policy' in predicting smoking behavior [20] . Model 3 included the interaction between financial difficulties and home smoking bans. Model 4 included the interaction between education and home smoking bans.
In each model, we calculated the odds ratio (OR) and 95% confidence interval (95% CI) for each predictor. Nagelkerke R 2 values were used to compare the explanatory power of the models [21] . Statistical significance was set up at P < 0.05. Data analyses were performed using SPSS 17.0 for Windows.
Results
Characteristics of sample and smoking status Table I shows the characteristics of respondents and the prevalence of home smoking policies among the entire sample of 2250 respondents. Of the total sample 53% are women. About 80% are between 25 and 64 years of age. Most respondents (62%) have a medium level of education (more than primary school but did not attend college or university), with the remainder split almost evenly between the low and high categories. Nearly one-third (31%) of the respondents reported that they had been unable to pay their utility bill in the past 12 months, and thus were classified as 'poor'. The demographic profile of the total sample is consistent with that for the E. Paulik et al.
population of adults in Hungary [22] . Also in line with other studies of tobacco use in Hungary [23, 24] , one-third of the sample reported that they are current smokers.
Prevalence of home smoking bans
More than half (59.3%) of all the respondents reported that there was a total ban on smoking in their home, and another 31% reported having a partial ban (Table I ). Only 7.4% of the sample reported that there were no restrictions on smoking at home. Home smoking policies were much more stringent among non-smokers than among current smokers: 71.4% of non-smokers reported that there was a total ban on smoking in their homes, compared with 34.9% of smokers (P < 0.001).
Home smoking policies also varied as a function of education and financial status (Table II) . Higher educated respondents and respondents without financial difficulties were more likely to adopt home smoking bans. These differences were significant both for the entire sample and for the non-smoker subsample.
Exposure to SHS at home
The primary outcome of interest for this study was exposure to SHS within one's own home. Of all the respondents, 18% reported that they had been exposed to SHS in their 'home every day within the past week', with another 14% exposed 'at least 1 day' in the past week. In addition to the 32% who reported being exposed to SHS in their home at least 1 day in the previous week, another 6 .5% reported they were not sure how many days they were exposed ( Table I ).
Given that smokers inherently expose themselves to environmental smoke, we were particularly interested in assessing how much exposure to SHS occurs among non-smokers. Of the 2250 respondents, 1502 were non-smokers. Among this group, 9% were exposed to SHS in their home every day in the past week, another 13.5% reported being exposed at least 1 day and another 6% were unsure of the number of days they were exposed (Table I) . 
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The remaining analyses examined how exposure to SHS at home varied as a function of demographic factors, socio-economic status and home smoking policy. These analyses included only respondents with complete data. In total, 9% of the non-smoker subsample (n ¼ 131) had missing data for either the financial difficulty variable, the home smoking ban variable, or the exposure to SHS variable. As shown in Table I , dropping these 131 respondents did not materially change the composition of the nonsmoker subsample. For the 1371 non-smokers with complete data, 73.6% had total smoking restrictions at home, and 24.1% were exposed by SHS at least 1 day during the last week prior to the study.
Univariate analysis of factors effecting exposure to SHS Table III shows how SHS exposure varies as a function of demographics, socio-economic factors and home smoking policies. Based on this univariate analysis, exposure was found to vary by age, education level and financial difficulties, but not by gender. In particular, SHS exposure was higher among respondents aged 16-24 years (37.9%) than among those aged 65 years (13.6%); higher in low educated (32.4%) than in high educated (14.9%) and higher among poor respondents (33.0%) than non-poor (21.1%).
As expected, exposure to SHS at home was much higher among respondents without any restrictions on smoking (48.9% exposed at least 1 day in the past week) than among respondents with a total ban (15.1% exposed at least 1 day). Among the respondents with partial restrictions, 49.2% were exposed at least 1 day, virtually the same rate as for the group with no restrictions. Similarly, the no-restriction group and partialrestriction group were roughly equivalent with regard to the average number of days exposed (2.64 versus 2.31).
Multivariate analysis of factors effecting exposure to SHS
The multivariate logistic regression models (Table IV) assessed the effect that various factors E. Paulik et al.
had on exposure to SHS at home among non-smokers, with exposure categorized as none versus any in the past week. Model 1 showed that age, education and financial status have independent effects on SHS exposure. The home smoking policy variable (categorized as total ban versus partial or no restrictions) was added in Model 2. Respondents without total smoking restrictions were much more likely to be exposed to SHS at home (OR 5.69). Age, education and financial difficulties remained significant in Model 2, but the ORs decreased in magnitude. Models 3 and 4 add specific interaction terms that allowed us to test whether the effect of a home smoking ban might vary as a function of either financial difficulties (Model 3) or education (Model 4). The interaction between financial difficulties and home smoking policy was not significant (Model 3), but the interaction between education level and home smoking policy was significant at P < 0.01 (Model 4). The nature of this second interaction term is clear in Fig. 1 . When respondents do not have a total home smoking ban, there is a large effect of education: the percentage of respondents exposed to SHS is >55% among the low and medium education groups, compared with 24% among the high education group. The effect of education is much more modest when respondents do have a total home smoking ban-between 12 and 18% in all three groups.
Discussion
Given global experiences to date, there is every reason to expect that the national anti-tobacco legislation recently enacted in Hungary will succeed in limiting exposure to SHS in public places [8] . The current study indicates, however, that exposure to SHS in the home will continue to affect large numbers of Hungarians, including non-smokers. Within this nationally representative sample, approximately one-quarter of the 1502 non-smokers reported being exposed to SHS within their homes at least 1 day within the past week and 9% reported being exposed every day.
Lower education and being poor imposes an extra risk of being exposed to SHS. Nearly one-third (32.4%) of non-smokers with 8 years of education had been exposed to SHS at home in the prior week, compared with only 14.9% among non-smokers with at least 13 years of education. The rate of exposure among 'poor' respondents (i.e. those who had difficulty paying their utility bills) was similarly high: 33.0%.
A number of previous studies have found that smoke-free rules in homes and vehicles can reduce SHS exposure among children and non-smoking adults [16, 17, 25, 26] , while also helping smokers to quit [17, 25] and reducing the risk of adolescents becoming smokers [16] .
Although this study demonstrates that exposure to SHS at home is reduced significantly when a total ban is in place, having a total ban does not fully Secondhand tobacco smoke in Hungary eliminate exposure to SHS at home. Of the respondents, 15% reporting a total ban were exposed to SHS at home at least on 1 day in the previous week. In other words, many home smoking bans are poorly enforced. Considerable attention has been paid to encouraging the adoption of home smoking policies. Additional effort is required to assist families in constructively confronting smokers who violate these policies.
Another important finding from this study relates to the ineffectiveness of 'partial bans'. Respondents who reported that they had a policy limiting smoking to specific rooms were exposed to SHS at rates equivalent to those reported by respondents with no home SHS policy. Rainio and Rimpela [20] also found that partial or no home smoking bans versus total ban increased the likelihood of child smoking in Finland [20] . Our result reinforces the importance of a total ban on smoking in the home.
The 59.3% prevalence of smoke-free homes among participants in the current study is notably lower than in the rates reported in the United States and Australia, but considerably higher than what was found in one Chinese study. McMillen et al. [27] reported that 74% of US adults had household smoking bans in 2001, and the prevalence of smoke-free home rules reported by the CDC was 72.2% in 2003 (31.8% among households with at *P < 0.05; **P < 0.01; ***P < 0.001.
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least one smoker and 83.5% among households with no smokers) [28] . Dunn et al. [29] found that 76.8% of the Australian respondents had smoking bans in their homes. In contrast, only 26% of the respondents reported having a complete home smoking ban in an urbanizing community in China [30] . Given the limited national promotion of home smoking policies, our results show that Hungarians are making relatively good progress in taking the initiative to implement smoking bans at home and that in the majority of cases these bans are working. On the other hand, much more can be done to educate Hungarians and promote the adoption of home smoking bans. A 59.3% prevalence for total bans implies that there is room for improvement in two of every five Hungarian households. Since only 35% of the smokers in our sample reported that there was a total ban on smoking in their home, it is specifically important to encourage total bans in households with smokers.
Efforts to encourage home smoking bans should target less-educated and poorer smokers and nonsmokers. These subgroups are more likely to be exposed to SHS at home, and at the same time, less likely to have a total ban in place. We also found that having a ban in place proved to be much more valuable for respondents with a low or medium level of education than for highly educated respondents. Less than a quarter of highly educated respondents reported being exposed to SHS at home even when they did not have a ban in place, but this figure was >50% for the low and medium educated respondents.
Well-crafted communications and educational strategies are clearly important in increasing the adoption of home smoking bans [31] . In addition, it is important to recognize that the enactment of government policies that limit smoking in public places produces positive spin-off effects in encouraging households to adopt private policies regulating Secondhand tobacco smoke in Hungary smoking in the home [32] [33] [34] . As noted above, the Hungarian national government passed comprehensive legislation in 2011 forbidding smoking in a variety of public places. Our study provides important baseline data for assessing whether home smoking bans will become more prevalent with the implementation and enforcement of these new bans in public places. We also believe that health authorities in Hungary can do more to educate individuals about the dangers of SHS exposure in children and about the importance of the home as an environment of exposure, as well as to encourage them to make their homes smoke-free. Health professionals can play an important role in this regard, especially in reaching lower SES Hungarians. Medical care in Hungary is universally available to the entire population. Primary care providers (particularly, family physicians and pediatricians) should be encouraged to assess not only whether their patients smoke, but also whether others in the household smoke. When patients are found to be exposed to SHS, the provider should emphasize the importance of banning smoking within the home. Special attention should be placed on counseling economically disadvantaged and lower educated patients, since they are more likely to smoke and to be exposed to SHS at home.
The most effective messages for promoting home smoking bans include information on the harms of smoking in the home and positive benefits of having a smoke-free home (e.g. reduced likelihood that children will start smoking, having a cleaner home, and significantly less exposure to SHS and its health consequences) [35] . These messages should emphasize the effect of SHS on children as this has been found to motivate the adoption of home smoking bans [27, 36] .
This study is based on a comprehensive in-home survey conducted among a large nationally representative sample of Hungarian adults. The response rate (55.1%) is slightly higher than is generally achieved for surveys of the general population. Against these strengths, we need to also acknowledge the study's limitations. First, adults >70 years of age were not recruited. It is possible that the effect of education and financial status on exposure to SHS might be different in this older group than was observed in our sample. Second, 9% of the non-smokers in the sample had missing data on SHS exposure or home smoking policy and thus could not be included in the analysis. Third, data on exposure to SHS and home-smoking bans came from self-reports that may have been inaccurate in some instances. Finally, it is also possible that respondents over-report home smoking restrictions because of social desirability.
Despite these limitations, this study provides the first in-depth analysis of the degree to which Hungarians are exposed to SHS at home and the effect of home-smoking bans in limiting exposure. Prior to this study, little research had been conducted in Hungary on voluntary smoke-free policies and SHS exposure focusing on the non-smoker adult population. The findings support the development of future public health strategies of tobacco control. The implementation of home smoking bans should complement additional work to reduce smoking, especially among less educated and poorer Hungarians.
